Abstract. Employing the standard hard-scattering approach (HSA) in conjunction with the running coupling (RC) method, the latter joined with the infrared renormalon calculus, we compute power-suppressed corrections ∼ 1/Q 2n , n = 1, 2, . . . to the massless η -meson-virtual-gluon transition form factor (FF)
Introduction
During the last few years the interest in theoretical investigations of the quark-gluon structure of light mesons, especially the pion, η and η mesons, has risen due to the high-precision CLEO results on the electromagnetic Mγ transition form factors (FFs) F Mγ (Q 2 ) [1] (with M denoting one of these mesons), as well as because of the observed very large branching ratios for the exclusive B → Kη and semi-inclusive B → η X s decays [2] .
The data on the η γ transition FF were mainly used for extracting information concerning the η quark component of the meson distribution amplitude (DA). Schemes and methods applied to this purpose range from lightcone perturbation-theory calculations -with the quark transverse-momentum k ⊥ dependence kept in the hardscattering amplitude T H (x, k ⊥ , Q 2 ) of the underlying hard subprocess [3] -to the modified hard-scattering approach (mHSA) with resummed transverse-momentum effects (giving rise to Sudakov suppression factors) and such due to the intrinsic transverse momentum of the meson wave functions [4, 5] , to the running coupling (RC) method, employed for the estimation of power-suppressed corrections to the η γ transition FF [6] . In these investigations, two different parameterizations were used, one employing the conventional η-η mixing scheme with one mixing a e-mail: agaev shahin@yahoo. [3, 4, 6] for both physical states and decay constants and a second one, which considers two mixing angles θ 1 and θ 8 to parameterize the weak decay constants f i P (P = η, η ; i = 1, 8) of the η and η mesons [5] . An important conclusion drawn from these investigations, irrespective of the underlying method, is that the η -meson DA must be close to its asymptotic form and that the admixture of the first non-asymptotic term should be within the range b 2 (µ 2 0 ) 0.05 ÷ 0.15, b 2 being the first Gegenbauer coefficient. The CLEO data on the η γ transition and the two-angles mixing scheme were also used to estimate the allowed range of the intrinsic charm content of the η -meson decay constant f But apart from the ordinary light-quark and charm |η c components, the η meson may also contain a two-gluon valence Fock state |gg . Moreover, absent at the normalization point µ 0 , a gluon component of the η meson will appear in the region Q 2 > µ 2 0 owing to quark-gluon mixing and renormalization-group evolution of the η -meson DA [7] [8] [9] [10] [11] . This can directly contribute to the η γ transition at the next-to-leading order due to quark box diagrams and also affect the leading-order result through evolution of the quark component of the η -meson DA. Hence, an effect of the η -meson gluon component on the η γ transition is only mild and was therefore neglected in most theoretical investigations [3] [4] [5] [6] .
But the contribution of the gluon content of the η meson to the two-body non-leptonic exclusive and semi-508 S.S. Agaev, N.G. Stefanis: Power corrections to the space-like transition form factor F η g * g * (Q 2 , ω) inclusive decay ratios of the B meson may be sizeable. Indeed, such a mechanism to account for the observed large branching ratio [2] [14] . In order to cover the gap between theoretical predictions and experimental data in [15] , a gluon fusion (spectator) mechanism was proposed. In accordance with the latter, the η meson is produced by the fusion of a gluon from the QCD penguin diagram b → sg * with another one emitted by the light quark inside the B meson. In this mechanism, the form fac-
The same ideas form the basis for the computation of the branching ratios of various two-body non-leptonic exclusive decay modes of the B meson [16] . To account for the data on the exclusive decay B → Kη in [17], a mechanism was proposed, based on the assumption of a strong intrinsic charm component of the η meson. But a more detailed analysis [18] proved that the charm content of the η is too small (f c η −2 MeV) to explain the observed branching ratio Br(B → Kη ). The CLEO data on the B-meson non-leptonic decays that stimulated interesting theoretical works [19] remain actual until today [20] .
The exclusive processes B → K ( * ) η ( ) were also analyzed within the QCD factorization approach [21] and various contributions to the corresponding branching ratios were estimated [22] . In accordance with [22] , the spectator mechanism and the one connected to the gluon content of the η and η mesons are not key factors in explaining the pattern of the observed experimental data. Instead, a more important role here plays the interference (constructive or destructive) of penguin amplitudes and large radiative corrections to them, which bring the predicted branching ratios into reasonable agreement with the data.
The η -meson-virtual-(on-shell-)gluon transition form factor F η g * g * (q 
2) used in some phenomenological applications [14, 15] . On the other hand, in computations of the η -meson-virtual-gluon vertex function F η g * g * (q In the present work, we investigate the massless η -meson-virtual-gluon space-like transition form factor F η g * g * (Q 2 , ω) using the framework of the standard HSA [27], as well as by applying the RC method together with the infrared (IR) renormalon calculus [28] . Our results obtained within the standard HSA are in agreement with those of [26] . But our central task here is the calculation and evolution of power-suppressed corrections ∼ 1/Q 2n , n = 1, 2, . . . to the transition FF Q 2 F η g * g * (Q 2 , ω). Because in the production of the η meson from the B decay the momentum squared of the virtual gluon can vary from 1 GeV 2 to 25 GeV 2 , the power corrections in this domain of Q 2 are expected to play an important role. Note, however, that we elaborate only in a theoretical framework to compute power corrections for the space-like transition FF. Nevertheless, our technique can be generalized to encompass the time-like transition form factor, relevant for B-meson decays, as well. Work in this direction will be reported elsewhere.
The RC method enables us to estimate power corrections coming from the end-point x, y → 0, 1 regions (for definiteness we consider two mesons in an exclusive process) in the integrals determining the amplitude for an exclusive process. It is known [27] that in order to calculate the amplitude of some hadron exclusive process, one has to perform integrations over longitudinal momentum fractions x, y of the involved partons. If one chooses the renormalization scale µ 2 R in the hard-scattering amplitude T H of the corresponding partonic subprocess in such a way as to minimize higher-order corrections and if one allows
